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Summary 
Several methods for th巴identificationof chloroplast DNA (cpDNA) of the species in section 
Cψa of Allium were compared. Diff巴renttypes of RFLP analyses of cpDNA werεp日rformedin 
two cultivated species， A. fistulosum-and A. cepa， and in four wild sp巴cies，A. altaicum， A. 
ga!，αnthum， A. oschaninii， and A. uavilouii. RFLP analysis of purified cpDNA detected polymor-
phisms in al species combinations巴xceptfor that of A. cepa and A. vavilovii. RFLP analysis of 
total DNA by Southern hybridization with the probe(pFl) developed from cpDNA of A. 
fistu!osum detected polymorphisms in most of the species combinations. PCR-RFLP analysis of 
th巴 rbcL-ORFI06region of cpDNA also detected polymorphisms in al species combinations 
except for that of A. Cψa and A. vavilovii. All the methods performed in this study were found 
to b巴日ffectivein the identification of cpDNA of reciprocal F1 hybrids between A. fistulosum and 
A. cepa， and it was confirmed that cpDNA was of maternal inheritance. Because of the speed of 
detection， PCR-RFLP analysis of the rbcL…ORFI06 region was considered to be the most efficient 
method for identification of cpDNA of the species in s日ctionCeρα. 
Introduction 
Allium jistulosum L. and A. Cφa L.， e配coω)刀nomi化call片yimpo飢rt匂ar批1託tcultivated s叩pe配cies，belong 
tωos問ectiωor口1CψαOぱfAl出f万iμmη1川7η)，口7ペ
tωo introduce usefu叫1汁nuclea剖rgenes of the wild species in section Ce，ゆ戸αi泊nt初othese cultivated 
species28)，29)，15)，16)，18)，3山 2) To utilize the cytoplasm of the wild species， Yamashita and 
Tashir036l substituted cytoplasm of A. galanthum Kar. et Kir. for that of A. cゆαby
continuous backcrossing and demonstrated that there was a possibility of developing a 
male sterile line of A. cepαwith cytoplasm of A. gal，仰 thum.Hereafter， the cytoplasms of 
wild species will be utilized for breeding of cultivated Allium species. To confirm the 
cytoplasmic substitution， itis necessary to establish the method for identifying the cyto-
plasms of cultivated and wild species in advance. The cytoplasm of plant includes 
chloroplasts and mitochondria which have their own DNAs. Chloroplast DNA (cpDNA) 
is highly conserved for its nucleotide sequence26)， but its sequence diversity has been 
observed among species in many plants 25)，27)，5). Restriction fragment length polymorphisms 
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(RFLPs) have been analyzed to detect the sequence diversity of cpDNA2)，3)，20)，22)，24)，9)， 10). 1n 
this study， three types of RFLP analyses of cpDNA were compared with each other to 
evaluate the effectiveness of those methods in identifying cpDNA of cultivated and wild 
species in section Cψαof Allium. 
Materials and Methods 
Materials 
Two cultivated species， A. )ヲ'stulosumand A. ceρα， and four wild species， A. altaicum 
Pall.， A. g，αlanthuJη， A. oschαninii O. Fedtsch.， and A. vavilovii M. POp. et Vved.， and 
reciprocal F1 hybrids between A. fistulosum and A. cφa were used for cpDNA analysis 
(Table 1). 
Melhods 
Table 1. Plant materials us巴clin this stucly. 
Spεcies 
A liU1n fislulosu1n L. 
A. Cψ日L.Aggregatum group 
A. altaicum Pall 
A. galanlhum Kar. et Kir. 
A. oschaninii O. Fedtsch 
A. vavilovii M. Pop. et Vved. 
Fj hybricl 
Fj hybrid 
Cultivar name， accession number 
or cross combination 
‘Kujyo' 
'Chiang mai' 
85003" 
65447a 
78227" 
83010" 
A. fistulosum xA.cψd 
A. Cψιx A. fislulosu1n 
aAccessions from IVT (CPRO一DLO)in the Netherlands. 
1. RFLP analysis ofむur・ifi記dc;やDNA
The methods reported by Katayama et al. 14)and Holford et a1.13) were modified and 
adopted to extract and purify cpDNA. About 20g of fresh leaves were homogenized in 
160ml of extraction buffer (50mM Tris--HCl， 10mM EGTA， 0.35M sorbitol， 0.2% BSA， 
0.05% cysteine， pH 8.0). The homogenate was filtered through four layers of gauze and one 
layer of Miracloth， and the filtrate was centrifuged at 200 X g for 10min. The supernatant 
was then centrifuged at 1500 X g for 10min to pellet the chloroplasts. The chloroplasts were 
resuspended in the extraction buffer， and the suspension was layered on the continuous 
gradient of Percoll. To prepare the gradient， the extraction buffer with 40% Percoll was 
centrifuged previously at 40000 X g for 40min. After centrifugation of the layered suspen司
sion at 9000 X g for 15 min， intact chloroplasts were collected from the lower of two bands. 
The chloroplasts were resuspended again in the extraction buffer and were centrifuged at 
1500 X g for 10min. MgCI2， CaCl2， and DN ase I were added to the resuspended chloroplasts 
to final concentrations of 10mM， 2mM， and 200μg/ml， respectively. The mixture was 
incubated at 40C for 1hr and centrifuged at 1500 X g for 10 min. The chloroplast pellet was 
resuspended in lysis buffer (50mM Tris~HCI ， 10mM EDTA， 2% N~laurylsarcosine ， 0.02% 
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Proteinase K， pH 8.0) and incubated at 3TC for lhr. After RNase treatment (final 
concentration， 25μg/ml)， the cpDN A was purified with two times of phenol-chloroform 
treatments and collected by ethanol precipitation. The purified cpDNA was digested with 
five restriction enzymes， Bgl I， KJうnI ， Pvu I， Sma I ， and Xho I ， and electrophoresed on 
0.7% (βtglI， I{j戸nI and Xho I) or 0.4% (Sma I and PvuII) agarose gel at 4hr. The 
separated cpDNA was stained with ethidium bromide， and the pattern was observed on a 
UV transilluminator 
2. RFLP anαlysis協 ingthe pγobe 
Tashiro et al. 30) reported the effectiveness of the cpDNA probe (pFl， 3.3kbp) devel-
oped from cpDNA of A. fistulosum for the identification of paternal and maternal parents 
of A. wakegi Araki. In this study， the pF1 was applied to identification of cpDNA of the 
species in section Cepa. Total DNA was extracted from 2g of fresh leaves using the method 
reported by Murray and Thompson21). The extracted total DNA was digested with BglII 
and BamH I. Digested total DNA was electrophoresed on 0.7% agarose gel and transfer-
red to a nylon membrane， Hybond-N十 (Amersham). Hybridization and detection of signal 
were carried out according to the DIG user's guide (Boehringer Mannheim). 
3. PCR -RFLP analysis、
The region between ribulose-l，5 -biゅhoゆhatecarboxylase gene (rbc L) and open reading 
frame 106 (ORFI06) of cpDNA was analyzed. Total DNA was extracted from 0.04g of 
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Fig. 1 Restriction patterns of Bgl I digested cpDN A in 
A. jistulosum， A. cψa， A‘altaicum， A. galanthum， 
A. oscha叫ini.and A. vavilovi 
Fig. 2 Restriction patt巴rnsof BglII 
digested cpDNA in A. jistuloδ;um， A. 
ceJうa，and their reciprocal Fl hybrids. 
F1hybrid 1: A. }う;stulosumx A. cψa， 
F1hybrid 2: A. cψιx A. jistulosum. 
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Table 2. Presenc巴orabsence of polymorphic fragments in purified and 
BglIIdigested cpDNA in six species 
3.3 
A. fistulosum 
A.cψ日
A. altaicum 
A. galanthum 
A. oschaninii 
A. vavilovii 
~ト
+ 
十
+ 
Polymorphic fragment (kbp) 
6.6 5.2 4.1 4.0 
???
十
???
8.2 
十
???
Species 
十十
十+ 
十:Present，一:Absent. 
Types of restriction patterns of purifi巴dcpDNA in six species. Table 3. 
Xho 1 
??
????
?
?
S骨zaI
?
? ?
? ?
?
?
? ? ? 】
PvuII 
?
?
?
?
?
????
?
K争nI
?????
?
?
β!g1I 
?
?
???
???
A. fist，祉10sum
A. cepa 
A. altaiαも禍
A. galanthum 
A. oschaninii 
A. vavilovi 
Species 
fresh leaves using the method described by Hong et al，l2). Sequences of the primers for 
amplification were 5'-ATGTCACCACAAACAGAAACTAAAGCAAGT-3' (rbcL) and 5'-
ACTACAGATCTCATACTACCCC-3' (ORF106) described by Arnold et al.l). Polymerase 
chain reaction (PCR) was carried out under the condition of Arnold et a1.1) with minor 
modifications: reaction mixture (50μ1) contained 10mM Tris-HCl (pH8.3)， 50mM KCl， 
1.5mM MgC12， O.lmM of each dNTP， 36pmol of each primer， 128ηg of template DNA， and 
1.25unit of Taq DN A polymerase (T AKARA). Amplification was carried out for 1 min at 
920C， 1min at 55OC， and 4 min at 70oC， with a final 7 min at 700C on a thermal cycler PC800 
(ASTEC). Amplified product was digested with five restriction enzymes， Alu 1 ， Ase 1 ， 
Hinf 1， Taq 1， and Pst 1， and electrophoresed on 1.5% agarose gel including ethidium 
bromide. The digestion pattern was observed on a UV transilluminator 
Results 
1. RFLP analysis 0/ ρurifiedφDNA 
1n digestion patterns of purified cpDNA with BglII， Kρn 1 ， Pvu I， Sma 1 ， and Xho 1 ， 
different types were observed among six species: four types with BgI I， three types with 
Kpn 1 ， four types with Pvu I， four types with Sma 1 ， and five types with Xho 1 (Fig. 1， 
Table 2， 3). 1n al enzymes used， Xho 1 detected polymorphisms in the most species 
combinations in section Cゅα(Table8). This method detected polymorphisms in al species 
combinations except for that of A. cゆaand A. vavilovii. The reciprocal F1 hybrids between 
A. /istulosum and A. c~ρa had the restriction patterns identical to those of their seed 
parents when their cpDNA were digested with BglI (Fig.2). 
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Fig. 4 Hybridization patterns of 
Bgl I digested total DNA， 
hybridized with the probe pF1， 
in A β~)tulosu1河， A. cψa， and 
their r記ciprocalF， hybricls 
F， hybrid 1: A. fistulosum x A 
cψどZ，F， hybrid 2: A. ce，戸axA.
fistulo説明
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Fig. 3 Hybri正:iizatiol1patterns of Bgl I digested total 
DNA， hybriclized with the probe pFl， in A. jis-
tulosu例 ，A. ce_戸a，A. altaicum， A. galanthum， A 
oschaninii， and A. vavilovii. 
Table 5. Types of hybridizatiol1 patterns of 
total DNA， hybridizecl with the probe pFl， in
剖xspeCl巴$
Species Bgl I 
1 
2 
3 
1 
1 
2 
Table 4. Presence or absencεof polymorphic 
fragments in Bgl I digested total DNA， 
hybridized with the probe pFl， in six 
specles 
BamHI 
?
?
??
? ?
? ? ? ?
A. fistulosum 
A αtJa 
A. altai何 m
A. galanthum 
A. oschaniηZZ 
A. Va1JZloVU 
+ 
2. RFLP anαolysis using the争γobe
1n the hybridization patterns of β(gIII and BamH 1 digested total DNA with the probe 
pFl， different types were observed among six species: three types with Bgl I and two types 
with BamH 1 (Fig.3， Table 4， 5). The combination of pFl and BglII was superior to that 
of pFl and BamH 1 for identification of cpDNA of the species in section Cゆα(Table8). 
The pFl detected polymorphisms in all species combinations except for those of A. 
jistulosum and A. galanthum and of A. ce，戸aand A. vavilovii. The reciprocal Fl hybrids 
between A. jistulosum and A. cゆashowed the hybridization patterns identical to those of 
their seed parents when their total DNA were digested with BglII (Fig.4). 
Polymorphic fragment (kbp) 
4.1 4.o 3.3 
十
???
十
Species 
A. fistulosu;制
A. ceta 
A. altaicu;叩
A. gala;汎thum
A. oschaninii 
A. v日vilovii
3. PCR-RFLPαηαlysis 
The size of the amplified region between rbcL and ORFI06 was about 3.2ktヲp.1n 
digestion patterns of the region with Alu 1 ， Ase 1， ]{;仇f1 ， Pst 1， and Taq 1 ， different 
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Fig. 5 Restriction patterns of Alu 1 digested 
rbcL-ORF106 region of cpDNA in 
A. fistulosum， A. cψa， A. altaicum， A 
galanthurn， A. oschaninii， and A.vavilovii. 
types were observed among six species 
two types with Alu 1 ， two types with Ase 1 ， 
three types with 目白f1， three types with 
Pst 1 ， and four types with Taq 1 (Fig.5， Table 6， 7). In all enzymes used， Taq 1 detected 
polymorphisms in the most species combinations in section Cψα(Table 8). In this method， 
it was possible to detect polymorphisms in all species combinations except for that of A. 
cψa and A. vavilovii. The reciprocal Fl hybrids between A. fistulo抑 mand A. cepa had the 
restriction patterns identical to those of their seed parents when their amplified products 
were digested with Alu 1 (Fig.6). 
Fig. 6 Restriction pattems of Alu 1 digested 
ゆcL-ORF106 region of cpDNA il1 A. 
片山tulosum.，A. cepa， and their reciprocal F， 
hybrids司
F1hybrid 1 
F1hybrid 2 
A. fistulosum X A. cψ日，
A. cepa x A. fistuloSlイm.
Table 7. Types of restriction patterns of rbcL-ORF106 
region of cpDNA in six species 
Table 6. Presence or abs巴nceof polymor 
phic fragments in Alu 1 dig日日ted
rbcL-ORF106 region of cpDNA in 
SlX speC1es Alu 1 Ase 1 Hi日f1 Taq 1 Pst 1 
1 1 1 
221 
1 3 1 
132 
343 
221 
?
? ?
??
?
?ょ っ
?
?ょ っ
????
?
?
A. fistulos回礼
A. cep日
A. altaicum 
A. gala，孔th.祉を礼
A. oschaninii 
A‘百avilo甘1
Species 
Species 
十
ト:Pres巴nt，- : Abs巴nt
Polymorphic fragment (bp) 
1200 850 350 
??????
十
???「
A. jistulosum 
A. cepa 
A. al，むUC;拙孔
A.足'alanthurn
A目 oscha叫i抗lZ
A. 官乱世iloもジ1
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Methoda 
2 
1 BglII品1InH1 
十
十
Tabl日8Distinguishabilityof cpDNA between six species. 
十
→ 
???
十
+ 
+ 
しー
???????
?????
?????
十
????
十
???
トー
十
????
十
→ 
+ 
十
????
???
???
?
???
?????
トー
+ 
r 
十
+ 
十
???
???
???
??
?
????
????
+ 十
十
十
???
十
Combination 
A. jistulosum-A. cetl 
A. jislulosum→A. altaicuηl 
A. jistulosurn.A 耳目la札thmrl
A ‘ fi~，lul(}sum" A. oschaηltlU 
A‘jistulosum" A むaviloui
A. ata'il. a/taicum 
A. cet{.A. galanthum 
A. cejJa-A. oschanini 
A. ata-A.世avilO1.え1
A‘品/taic出'n-A.galanthlll 
A.日ltaiωm-A.oschaれぬ1
A. altaicum-A む日viloむi
A. gal且nthum-A.osclumini 
A. galanth問符 A.uavilo世話
A. oschanini-A. vm、ilovi
+ 
十
4 
→ 
+ 
T 十
aS日etext 
十:Distinguishable 
~ : Indistinguishablε 
DiscussIon 
This study inclusively demonstrated that three types of RFLP analyses of cpDNA 
using suitable enzyme， probe， and primer were so effective for identifying cpDNA of six 
species in section Cepa. All the methods performed successfully identified cpDNA of 
reciprocal Fr hybrids between A. fistulosum and A. cepa and confirmed that cpDNA was 
of maternal inheritance in Allium， corresponding to a pr噂eviousreport6). Therefore， these 
methods are available for confirming cytoplasmic substitution between wild and cultivated 
species. 1n a comparison of three methods performed， the first and second methods were 
time-consuming in cpDNA pur廿ication，hybridization or signal detection. On the other 
hand， the thircl methocl allowecl quick iclentification of cpDN A. Therefore， the thircl methocl 
was consiclerecl to be the most efficient one for iclentification of cpDN A in section Cゆa.
No polymorphism in cpDNA was detectecl between A. Cゆaand A. vavilovii with any 
of the methods usecl in this study. This inclicates that the homology of cpDNA is remark-
ably high between these species. Morphological stuclies35)，7)，3)， crossability tests34)， nuclear 
DNA4l， and cpDNA ancl mitochonclrial DNA analyses10)，1)of A. ceta ancl A.ιl(lvilovii 
showecl a close phylogenetic relationship between these species. Therefore， cletailecl investi-
gations are essential to cletect cpDNA polymorphism between these species. Polymor-
phisms observecl in different specific regions of cpDNA of several plants have been 
successfully used for phylogenetic stuclies31)，37)，8)，19)，23). Mes et al. 19) reportecl that trnK， trnC 
trnD，ρsbA-trnS， ancl rbcL-ORFI06 regions of cpDNA were most suited for phylogenetic 
studies of Allium because these regions were easily amplifiecl ancl exhibit a consiclerable 
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level of sequence variation with a restricted degr勾eeof length variation in twenty nine 
species of Allium (including A. cepa as a representative of the species in section Cゆα)and 
seven species of related genera. Our study demonstrates that the PCR-RFLP analysis of 
the rbcL-ORFI06 region is useful for identifying cpDNA of the species in section CゆG
Further investigations on the combinations of specific regions of cpDNA and restriction 
enzymes seem to make possible to distinguish between cpDNA of A. c"，ρa and A. vavilovii. 
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摘 要
ネギ、属Cepa節栽培種および野生種の葉縁体DNA(cpDNA)の有効な同定方法を検討するた
め，栽培種としてAlliurnjislulosurnおよびA.cepa，野生種としてA.αltaicurn，A. galanth-
urn， A. osc加nznzzおよびA.vaviloviiを供試して，種々のRFLP分析法の比較を行った.葉か
ら精製したcpDNAのRFLP分析では，A. cゆαとA.vavi・loviの組合せを除くすべての種間にお
いて多型が検出された.また，葉から全DNAを抽出し，A. fistulosurnのcpDNAより開発した
プロープ (pFl)を用いてサザ、ンハイブリダイゼーション法によりRFLP分析を行った結果，多
くの韓関において多型が検出された.さらに， cpDNAのrbcL-ORFI06領域のPCR-RFLP分析
では，A. cepaとA.vaviloviiの組合せを除くすべての種間において多型が検出された.これらの
方法をA.fistulosurnとA.cψα の正逆雑種のcpDNAのi司定に!IiS用した結果，いず、れの方法でも
cpDNAの同定が可能であり， cpDNAが母性遺伝することが確認された.本研究の結果から，
これらの三つのRFLP分析法のいずれもがCψα 節の種聞のcpDNAの同定に有効であることが
明らかになったが， rbcL-ORFI06領域のPCR-RFLP分析法は，その迅速性からCゅα 節の
cpDNAの同定に最も効率的であると王寺えられた.
